Background. Acute decompensated heart failure (ADHF) can be confused with other conditions that cause dyspnea. Patients with ADHF are often simultaneously treated for community-acquired pneumonia (CAP), even when evidence for infection is lacking. We hypothesized that the fluid and sodium content of potentially unnecessary intravenous antibiotic (IVAB) therapy could worsen outcomes of ADHF patients.
Both ADHF and CAP may present as acute dyspnea, and making a definitive diagnosis of one vs the other can be a challenge. In many cases, the 2 conditions are simultaneously present in the same patient, and other studies have demonstrated that a large proportion of ADHF patients are concurrently treated for suspected pneumonia [1] . To our knowledge, the potential adverse effects of concurrent treatment, especially with respect to the additional sodium and fluid administration from IVAB in ADHF patients, have not been assessed. In this study, we compared the length of stay between patients admitted with ADHF who were given IVABs with patients with the same diagnosis who were not exposed to IVAB therapy. We also evaluated the volume of fluid and quantity of sodium provided as a result of antibiotic infusions to patients admitted with ADHF to assess the potential impact on outcomes.
METHODS
In a single-center, level I trauma center in the United States, patients admitted and discharged with ADHF were retrospectively analyzed. The institutional review board granted approval for the study.
Eligible patients were ≥18 years of age, had a previous diagnosis of heart failure, had been admitted with a diagnosis of ADHF or heart failure exacerbation based on coding data, and had a chest radiograph on the day of admission. Patients were excluded if they were pregnant, had documentation of an infection before admission, had proven infection during admission, or were on antibiotics before admission. Patients were also excluded if they did not have a chest radiograph on admission or had a brain-type natriuretic peptide (BNP) value <100 ng/mL. Patients who had radiographic documentation by a radiologist suggesting pneumonia, consolidation, or questionable pneumonia were also excluded. Example phrases from radiology reports of excluded patients include "adjacent atelectasis/consolidation" and "perihilar airspace opacities may represent multifocal pneumonia. " Example phrases from radiology reports of included patients include "interstitial edema compatible with volume overload" and "pulmonary vascular congestion, " as well as any report that stated "no acute cardiopulmonary findings. " Any patient on hemodialysis or any form of continuous renal replacement therapy was also excluded. Any patient documented to have developed infection during admission (eg, urinary tract infection [UTI], cellulitis, pneumonia by chest radiograph, sepsis, etc.) was excluded from analysis.
Patients who met inclusion criteria were divided into 2 arms: those who were initiated on IVABs at admission and those who did not receive IVAB therapy.
Outcome Measures
The primary outcome of the study was the length of stay between the 2 study arms. Other outcomes that were evaluated included the amount of furosemide administered between the 2 groups and the amount of sodium and volume provided by the IVABs. Admission values for APACHE II scores, procalcitonin (when available), and BNP values were also compared between the study arms. Incidence of Clostridioides difficile infection during hospital admission was evaluated between the groups. Mortality outcomes were based on in-hospital mortality from any cause. Thirty-day readmission rates for any cause and readmissions specifically for heart failure exacerbations were also analyzed between the 2 study groups.
Statistical Analysis
Frequency and cross-tabulation statistics were conducted on all categorical variables. Chi-square tests were used to test for association between independent groups and categorical outcomes. The statistical assumption of normality was assessed using skewness and kurtosis statistics. If either statistic was above an absolute value of 2.0, then the assumption was assumed to be violated. Nonparametric Mann-Whitney U tests were used to compare independent groups on non-normal continuous outcomes. Medians and interquartile ranges were reported and interpreted for the nonparametric comparisons. Statistical significance was assumed at an alpha value of 0.05, and all analyses were conducted using SPSS, version 22.
RESULTS
Consecutive patients admitted with a diagnosis of ADHF from July 28, 2016, through August 15, 2017, were retrospectively analyzed. Out of 337 patients screened, 144 met criteria to be included for evaluation. Of the 193 patients excluded, the majority (119) were not enrolled based on radiographic evidence suggestive of concurrent pneumonia. Other patients not enrolled included 12 with documented UTIs, 14 with a diagnosis of concurrent cellulitis, 10 patients who were on antibiotics before admission, 9 with procalcitonin (PCT) values >0.25 ng/mL, 7 patients receiving antibiotics as surgical prophylaxis, 5 with BNP values <100 pg/mL, 6 patients with sputum culture positivity, 2 patients on renal replacement therapy, and 9 patients with other diagnosed infections during their heart failure admission (Figure 1 ).
Of the remaining 144 patients, 56 patients (39%) were started on IVAB therapy at the time of their ADHF admission. Patients who received IVAB at admission had higher APACHE II scores than those who did not (mean APACHE II score, 10.1 in the IVAB arm and 8.1 in the no-IVAB arm; P = .001). Otherwise, baseline demographic and laboratory data were similar between the IVAB and no-IVAB groups. Procalcitonin values were similar in the antibiotic (0.10 ng/mL) arm compared with the nonantibiotic (0.09 ng/mL) arm (P = .51) ( Table 1) . Vancomycin and levofloxacin were the most common IVABs administered to the patients reviewed in this study. Twenty-six received at least 1 dose of vancomycin, and 22 received at least 1 dose of levofloxacin. Supplementary Table 1 
Length of stay was significantly longer in the antibiotic arm (6.6 days) compared with the nonantibiotic arm (3.0 days; P < .001). Patients required higher total doses of furosemide in the antibiotic arm (mean total dose, 930 mg) compared with the nonantibiotic arm (mean total dose, 320 mg; P < .001). The antibiotic arm of the trial also received approximately 1.7 L of additional fluid (230 mL/d) and 9311 mg of additional sodium (1381 mg/d) per patient. Patients who received antibiotics were also 2.2 times more likely to be readmitted compared with patients who did not receive antibiotics (P = .043) ( Table 1) .
DISCUSSION
Heart failure is a common cause of dyspnea, with estimates of approximately 23 million people currently affected worldwide and projections for a continued rise in prevalence in the United States over the coming decades. Some estimate the number of new cases to reach 772 000 in the year 2040 [2, 3] . With the growing number of heart failure patients expected and the burden this diagnosis places on the patient and the health care system, it is imperative that we utilize our best clinical judgment in our plan of care toward those admitted with an exacerbation. In our study, we found that patients who received IVABs during an acute heart failure exacerbation had significantly longer lengths of stay compared with patients with the same diagnosis who did not receive antibiotics. The patients who received IVABs also received significantly more doses of furosemide during their hospitalizations. It is standard to volume-and sodium-restrict patients admitted with a heart failure exacerbation in the absence of evidence of volume depletion. As such, it is important to note the amount of sodium and fluid provided to these patients by antibiotics alone. On average, each patient in the antibiotic arm received approximately 1381 mg of sodium daily from antibiotics alone. The patients in the antibiotic arm also received approximately 1.7 L of volume per patient entirely attributed to the antibiotic infusions. Patients with PCT values >0.25 μg/L were excluded from this analysis, as antibiotic therapy is encouraged for patients with PCT values above that threshold [4, 5] . No patient in our study population developed C. difficile infection during the reviewed hospital stay, but incident C. difficile infection is an uncommon event at our institution and our study was not powered to detect this potentially harmful effect of antibiotic therapy. There are several limitations to our study. Given the retrospective cohort design, there is the potential for unobtained confounding variables that could have contributed to the difference in the length of stay for the antibiotic arm. Also, given the retrospective study design, we were unable to control for antibiotic exposure in a prospective fashion and therefore had to rely on other physicians and practitioners to accurately document their reasoning behind antibiotic initiation. Considering the relatively small sample size and singlecenter design, external validity may be limited.
The patient population we focused on in this study could be deemed at low risk of concurrent infection during their ADHF admission based on laboratory and imaging findings and clinical documentation. The majority of patients treated with IVAB had procalcitonin testing performed, but despite low-risk results, IVAB therapy was still prescribed. The modestly higher mean APACHE II scores noted in the IVAB group may indicate that severity of illness at presentation was a driver of the decision to initiate IVAB therapy. Overall, 39% of the patients we reviewed with ADHF received IVAB therapy during their hospital stay. This reflected a higher rate of antibiotic use in heart failure admissions than described in the study by Dharmarajan et al., where ~29% of patients with ADHF received antibiotic therapy [1] . That study did not review patient-level data to determine if such use was justified based on lab or imaging findings, but it does indicate that antibiotic use is a common practice during ADHF admissions. Their study also found that patients with ADHF who received simultaneous antibiotic therapy had worse outcomes than patients treated solely for heart failure. Whether the worsened outcome was a result of the true presence of multiple simultaneous acute conditions or potentially related to adverse effects of multiple concurrent therapies was not a focus of that study. A prospective intervention focusing on the possibility of direct patient harm from excess fluid volume and sodium from potentially inappropriate antibiotic therapy might prove to be an effective way of impacting prescribing behavior. Additional interventions to encourage early transition from intravenous to oral antibiotic agents could help minimize excess fluid and sodium in cases where concurrent antibiotic therapy is clinically warranted.
In summary, we found that patients admitted with ADHF were significantly more likely to have a longer length of stay if given IVABs on admission, even without radiographic or laboratory evidence to suggest that infection was present. As physicians generally order volume and sodium restriction in patients with ADHF, one should keep in mind that significant amounts of each that are given with common IVABs and recognize the potential harm, additional treatment required, and prolonged length of stay that can be associated with such treatment. Giving patients at low risk of infection antibiotic therapy "just to be safe" may not actually be the safest option.
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